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Effects of Continuous Exposure of Rats to 100
Per Cent Oxygen at 450 mm. Hg for 64;0@

N7Q-

Gerarp A. Brookssy, RoBert L.. DENNIS AND RoBERT W. STALEY f )

Young Sprague-Dawley rats were exposed, under constant
uninterrupted conditions, to pure oxygen (99.8 == 0.2 per cent)
at a total pressure of 450 mm. Hg for 64 days and compared
with controls, Growth rates and food and water consumption
were measured during the exposure penod All animals sur-
vived and appeared normal with no signs of distress during the
experiment. At the conclusion of the 64-day exposuure period,
all animals were sacrificed and histological and hematological
studies were performed. There were no significant differences in
food and water consumption or demonstrable histological and
hematological differences.

It appears that the experimental conditions used were below
the threshold level necessary to produce distress or pathology in
this strain of rat.
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are problems which may arise from long-term
exposure to pure oxygen or increased oxygen partial
pressures. Detailed information is needed regarding
prolonged exposures to these conditions.

Previous limited research indicates that the maximum
PO, man may be able to tolerate lies in the area of 425
mm. Hg;*»2%%° above this partial pressure pulmonary
distress is encountered within several hours.»3® Animal
experimentation, at pressures above a PO, of 450 mm.
Hg,*>* reveals the development of pulmonary damage
and in some cases death following relatively short ex-
posures. Several recent studies?+*%?? indicate the pos-
sibility of man’s stay below a 425 mm. Hg PO,, for 30
days, breathing 100 per cent oxygen or oxygen-nitrogen
mixtures. Some aspects of man’s exposure to 100 per
cent oxygen at varying pressures and the difficulties
which may be encountered are discussed in the article
by Roth.2¢

The threshold level for oxygen damage in mice® and
rats®® apparently lies between 550 and 650 mm. Hg PO,.
Campbell,” using a variety of animals, found no prob-
lems with exposures up to 33 days with oxygen at 433
mm. Hg. Berry and Smythe® noted increased urinary
nitrogen excretion in mice exposed to 100 per cent oxy-
gen at 226 and 187 mm. Hg for 3-4 weeks, but could
not attribute this phenomenon to the pure oxygen en-
vironment. Two groups of investigators reported no ill-
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effects on mice?® and rats exp&
of breathing pure oxygen at 197‘?{1:@
Due to the limited information a®¥di @1 :
chanism of oxygen toxicity and threshol@-lettels=of oxy-
gen tolerance, the authors initiated a series of studles to
investigate (1) what is the upper acute threshold level
of oxygen pressure an animal can tolerate and (2) what
chronic effects are produced by prolonged exposure to
a PO, slightly below the level where acute damage is
reported to occur? This report details the results of the
first of this series using a PO, of 450 mm. Hg.

MATERIALS AND METHODS

Animals used in this project were 5-6 week-old male,
Sprague-Dawley rats with a mean initial weight of 133
g. The animals were obtained from a local supplier®
and were observed for at least two weeks in our labora-
tory before use. Twenty-nine animals were divided
into three groups. Groups I and II ‘consisted of 12 and
6 rats, respectively. Each rat was housed in an individ-
ual, plexiglass chamber (Figure 1). Group I breathed

Fig. 1. Chamber for exposing animals to air or pure oxygen
for 64 days.

*Berkeley Pacific Laboratories, Berkeley, California.
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99.8 &= 0.2 per cent oxygen at a total pressure of 450
=+ 5 mm. Hg. Group II was maintained at essentially
atmospheric conditions, Py = 760.5 mm. Hg, PO, = 152
mm. Hg, Py, = 596 mm. Hg. Eleven animals in Group
IIT were placed in standard laboratory metabolism
cagest for the duration of the experiment.

The usable cage volumes were 2807 and 2698 cc for
the plexiglass and metabolism cages, respectively. Cages
of approximately the same size were used to provide a
control in case the rats’ increase in size caused restraint
effects toward completion of the experiment.

The total exposure time for all three groups was 64
consecutive days. During this time food (Purina La-
boratory Chow) and water were supplied ad libitum
and consumption of these was measured daily for all
animals. Groups II and III were weighed every other
day; however, because of the difficulty involved, ani-
mals in Group 1 were weighed only on days 1, 30, 48,
56, and 64 of the experiment. The procedure for weigh-
ing the pure oxygen group (Group I) involved trans-
ferring the rat at reduced pressure into a special weigh-
ing chamber and then back to the original chamber.
This procedure was carried on without any change in
pressure or gas concentrations.

All chambers were changed and cleaned daily. By
means of a transfer tube and gate valve (Figure 2),
animals could be transferred into a clean chamber
without pressurization of the system to atmospheric
conditions.

The variation in over-all pressure control of the cham-
bers was -+ 5 mm. Hg. This variation was due to daily
fluctuations in atmospheric pressure. Gas concentrations
during the experiment was measured by passing the
chamber exhaust gas through a paramagnetic oxygen
analyzer,* infrared CO, analyzer,** and a dew point
indicator.*** Gas concentrations were measured at the
same pressure as the chamber. A gas flow rate of 800
cc/min. was maintained throughout the experiment for

Fig. 2. Exposure chamber transfer system for maintaining ani-
mals under constant conditions.

*Beckman Model No. F-3.
**Mine Safety Appliances Company Model No. 200.
#*#*#Cambridge Systems Model No. 990.
tAcme Metal Products.
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the animals kept in chambers. With this flow rate rela-
tive humidity remained between 30-50 per cent and
was dependent upon the arn.imal’s activity. The source
of the water vapor was that expired air. Temperature
variation in the chambers was 25 -+ 0.4°C. The CO,
concentration varied between 0.3-1.0 per cent, again
depending upon animal activity. Mass spectrometer
analysis randomly throughout the experiment gave no
indication of contaminants in the chamber gases. A de-
tailed account of the exposure apparatus is in press.?®

Upon completion of 64 days’ continuous exposure, all
animals were sacrificed by intraperitoneal injection of
50 mg/kg sodium pentobarbital (Nembutal). This
method eliminated traumatic hemorrhage of the lungs
incurred by ‘intracranial injection or decapitation.

Immediately following anesthetization, the peritoneal
and pericardial cavities were opened and examined. A
cardiac puncture was made, 5-6 cc of blood was re-
moved, hematocrit was determined, and the sample was
immediately refrigerated at 5°C for selected analysis.
Within 3 hours after removing the blood, analyses of
red cell glucose-6-phosphate dehydrogenase* and gluta-
thione® were completed. The following day, WBC,
RBC, differential, reticulocyte, and Heinz body counts
were performed, osmotic fragility was measured, hemo-
globin concentrations were determined, and a particle
size distribution plot was obtained by means of a Coul-
ter Counter Model B.

For histological analysis, sections of the lungs, liver,
kidneys, heart, thymus gland, adrenal glands, G.I. tract,
and CNS were fix~d in 10 per cent formalin, 100 per
cent ethyl alcohol, or frozen. A complete bone marrow
analysis was also performed with smears and whole
femur sections.

RESULTS

No unusual behavior or overt indications of distress
were noticed during random daily observation of all
animals over the entire 64-day period. The animals
breathing pure oxygen revealed no paralysis or dyspnea,
which other investigators®'%?® noted at increased oxy-
gen partial pressures. Following autopsy of the animals
microscopic examination of the lungs revealed no pul-
monary edema or hemorrhage. All other organs ap-
peared normal.

No significant differences between oxygen exposed
and control animals were observed in thymie, cardiac or
testicular weights. The mean adrenal weight of the
oxygen animals was 42.5 mg, while 43.0 and 48.5 were
obtained for control groups II and III, respectively.
Lack of significant differences in either absolute or rela-

observed organ weight
tive ( x 100) organ weights con-
body weight
firms the absence of restraint stress for the cages used
during this experiment.

An analysis of variance, split-plot design (28) showed
no differences in body weight increases for the three
groups during the 64 days (Figure 3). Food and water
consumption for three groups was not significantly dif-
ferent. In general, breathing pure oxygen was not
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Fig. 3. Growth curves for three groups of animals during the
64 days of the experiment. Points represent arithmetic mean of
the group with pooled standard deviations.

found to be detrimental to those metabolic parameters
measured for a 64-day extended exposure period at 450
mm. Hg.

Analysis of variance for hematology measurements re-
vealed some differences in the three groups. Those
measurements that differed significantly are listed in
Table I. Between groups comparisons were made utiliz-
ing Scheffe’s method.?” Differences were not observed
in total white blood cells, and the differential counts
revealed only significant differences in neutrophils and
lymphocytes. There was no evidence of Heinz body
formation in any of the animals. No differences were
found in mean corpuscular volume, mean corpuscular
hemoglobin, or mean corpuscular hemoglobin concen-
tration. The particle size distribution plot of blood
samples from all the animals also gave no proof of
possible changes in blood cell size. Osmotic red cell
fragility was not changed with increased oxygen ten-
sions in the pure oxygen group. Bone marrow studies
indicated no change in marrow activity with increased
oxygen partial pressures.

Terminal histological examination revealed no abnor-
mal tissue in any of the animals. Glycogen distribution,
a good index of CNS damage,? was normal in the
cerebrums and cerebellums of the oxygen exposed
group. The distribution was determined by PAS stain-
ing followed by amylase digestion. This group was also
negative for possible pulmonary tissue changes, al-

though one animal from the oxygen group was afflicted
with pneumonia, an illness common in the rat.

DISCUSSION

The results of this study indicated the absence of the
oxygen toxicity syndrome. This syndrome has been
described®:1%%- as being one of severe pulmonary dis-
tress characterized by hemorrhage, atelectasis, and ex-
tensive edema to the point of filling the lungs and peri-
cardial cavity with fluid.

The possibilities of setting 450-550 mm. Hg as a limit
of safety for other arimals, particularly man, should be
examined with care. Other workers™*?*® have described
differences in the susceptibility of various animals to an
increase in PO.. Differences have even been noted in
the same strain of the rat.’” Also, other factors reported
to effect oxygen toxicity, such as temperature and hu-
midity,**%1¢ will have to be considered. Increased sus-
ceptibility of older animals to oxygen tensions has been
observed in our laboratory and is being investigated.

The question of harm from sustained exposure to an
increased PO, remains to be answered. The present in-
vestigation, using a PO, slightly below the acute toxic
level, revealed no major significant changes in the
parameters measured although several observations are
worthy of comment. First of all, none of the oxygen
animals revealed any overt signs of stress. Those organ
weights indicative of possible stress situations and met-
abolic indices were normal. Apparently, an increase in
the inspired oxygen tension from 152 to 450 mm. Hg
was not of a magnitude sufficient to produce tissue dam-
age or elicit a major stress response, and any subtle
adjustments of the animal, anatomically or physiologi-
cally, were not apparent to the investigators. Secondly,
no marked changes indicative of major damage were
noted in the hematologic measurements. Evidence of
oxidative hemolysis described by Helvey, et al., in hu-
mans* was not observed, nor were the changes in
glutathione content sufficient to indicate challenge to
the oxidation-reduction capabilities of the red blood
cell. No evidence of reticulocytosis was present and the
bone marrow studies indicated no change in hemato-
poiesis. A minor adaptive mechanism may be the de-
pression in hemoglobin content resulting from increased
PO. exposure which we observed and which has been

TABLE. I. BLOOD MEASUREMENTS FOUND TO BE SIGNIFICANTLY DIFFERENT AFTER 64 DAYS OF CONTINUOUS
EXPOSURE TO PURE OXYGEN AT 450 MM HG

Groups
. Metabolism Cage F -
12 &
1009% Oxygen Air Controls Controlstt Ratio Probability

RBC, million/cmm 5.794 + 0.165%% 6.665 + 0.196 -~ 6.549 + 0.128 9.0020 p<0.005
Neutrophils, % 13.33 £ 3.28% 14.00 =+ 2.00 2446 + 2.35 4.9252 p<0.025
Lymphocytes, % 82.42 + 3.41% 80.83 + 2.66 71.18 * + 2.55 4.1836 p<0.05
Reticulocytes, % 3.025 = 0.018% 3.367 & 0.159 3.355 =+ 0.142 3.3959 p<0.05
Hemoglobin, mg/100 mi 11.983 =+ 0.150*% 12.883 + 0.083 13.073 &£ 0.192 13.5191 p<0.001
Hematocrit vol.,% 43.333 £ 0.689% 45.333 + 0.211 47.300 * 1.606 3.6308 p<0.05
Glutathione, mg/100 ml 36.050 = 1.147% 37.883 =+ 0.768 42.209 == 1.636 5.9881 p<0.01

*Significantly different from air controls at p<0.05.

+Significantly different from metabolism cage controls at p<0.05.

(Values are expressed as means with standard deviations.)
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reported by others.”** Since the red blood cell hemo-
globin concentration of the increased oxygen group was
not significantly different from the other groups, the
drop in hemoglobin was attributed to the decreased
RBC content. The decreased RBC content of the pure
oxygen group is not surprising considering exposure to
an increased oxygen pressure for an extended time
period. A slight depression in red blood cell synthesis
may also be indicated in that the mean reticulocyte
"count for the oxygen animals is slightly below that of
the other two groups. The fact that glucose-6-phosphate
dehydrogenase levels were unchanged would discour-
age the thought of possible metabolic alterations in the
red blood cell subjected in vivo to increased PO,.

In summary, 64 days’ exposure to increased oxygen
tension produced a few changes for those parameters
measured. The possibility exits that little difficulty is
encountered until a certain PO, threshold level is
passed, then acute pulmonary tissue damage develops
and the animal succumbs. In general, it may also be
concluded that a prolonged increase in the PO, did not
cause any remarkable changes in the blood variables
we measured. These parameters may be relatively re-
sistant until sufficient oxygen tensions are reached to
produce the lipid-peroxidation of the red blood cell
membrane described by Mengel, et al.** Abnormal lipid
peroxidation may result only after sufficient oxidant
stress develops from an increased oxygen pressure;
this phenomenon was not present in the current investi-
gation. On the other hand, longer exposures to pure
oxygen environments or increased oxygen pressures may
reveal hematological disturbances not encountered in
the present study.
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